Anhydrous dichloroxozirconium(IV) is prepared either by the reaction of zirconium(IV) chloride with chlorine monoxide1 or by the dehydration of its octahydrate with thionyl chloride2. Its addition compounds with some oxygen and nitrogen bases are known2-3 but there is no report on the cor responding compounds with carboxylic acids. In the present investigations, reactions of dichloroxozirconium(IV) octahydrate with a variety of monocarboxylic acid chlorides have been carried out at different temperatures to prepare and characterise the addition and substitution com pounds of carboxylic acids with dichloroxozirconium(IV). Experimental Dichloroxozirconium(IV)octahydrate (Fluka AG, prakt.) was treated with hot water, filtered and the filtrate was mixed with a small amount of acetone to crystallise out ZrOCl2 • 8 H2O. It was recrystal lised from its hot solution in pure HC1.
Introduction
Anhydrous dichloroxozirconium(IV) is prepared either by the reaction of zirconium(IV) chloride with chlorine monoxide1 or by the dehydration of its octahydrate with thionyl chloride2. Its addition compounds with some oxygen and nitrogen bases are known2-3 but there is no report on the cor responding compounds with carboxylic acids. In the present investigations, reactions of dichloroxozirconium(IV) octahydrate with a variety of monocarboxylic acid chlorides have been carried out at different temperatures to prepare and characterise the addition and substitution com pounds of carboxylic acids with dichloroxozirconium(IV).
Experimental Dichloroxozirconium(IV)octahydrate (Fluka AG, prakt.) was treated with hot water, filtered and the filtrate was mixed with a small amount of acetone to crystallise out ZrOCl2 • 8 H2O. It was recrystal lised from its hot solution in pure HC1.
The acid chlorides were prepared by the action of thionyl chloride on the corresponding carboxylic acids. The mixture was reflux-distilled and the fractions at the correct boiling points of acid chlorides were collected. Every care was taken to avoid contact with moisture. Reactions of Z rO C h ■ 8 HoO with acid halides 1. A t low temperature: Dichloroxozirconium(IV) octahydrate (100 mmoles) was taken in a two necked flask fitted with a dropping funnel, and acid halide (1 mole) was slowly dropped into it keeping the bath temperature between -10 to 0 °C. The mixture was stirred for about 2 h at 0 °C and the clear solution when cold was liberated from excess of acid halide and the acid formed in the reaction mixture in vacuo. The sticky mass, thus formed, was treated with CCI4, stirred for 1 to 2 h at room temperature and the white solid, thus obtained, was filtered, washed with CCI4 and dried in vacuo.
Benzoyl chloride does not react with ZrOCl2 • 8 H2O at low temperatures. Reaction starts first at 60 °C but is quite vigorous and may be cooled down to 40 °C.
A t higher temperature:
The mixture of ZrOCl2-8 H2O and acid chloride (1:9) was heated on a boiling water bath till nor more HC1 was evolved. The reaction time can be considerably reduced if an excess of parent acid is added to the mixture containing ZrOCl2 • 8 H2O and acid halide. Complete removal of HC1 was accomplished by finally bubbling dry nitrogen gas through the hot reaction mixture. The mixture was concentrated in vacuo and the residue was treated with CCI4, stirred, filtered, washed with CCI4 and then dried in vacuo and analysed (Table I) .
All manipulations were carried out on a vacuum line and under dry nitrogen atmosphere.
Results and Discussion
Octahydrated and anhydrous dichloroxozirconium(IV) are known to form carboxylates when made to react with carboxylic acids4. Attempts to isolate addition compounds by employing these reactions have not met with success. It is expected that acid chloride would react with octahydrated dichloroxozirconium(IV) with dehydration. The product may then take up liberated carboxylic acid in situ to give an addition product. In this way amorphous powders of compositions ZrOCl2 • 2R C 02H (where R = CH3. C2H5, w-C3H 7, C1CH2 and C6H5) have been obtained by reacting acetyl, propionyl, butyryl, chloracetyl and benzoyl chloride with ZrOCl2 • 8 H20. Once isolated in pure state, these compounds are stable at room temperature. These addition compounds have been found to be very convenient starting materials for the prepara tion of many oxozirconium(IV) compounds espe cially in nonaqueous systems5.
Substitution products of the type Zr0(RC02)2 • (RC0 2 H)j., where a; is 1 or 2 , are formed if the reactions are carried out above room temperature.
A ddition compounds
Principal absorption bands in the infrared spectra of the compounds, ZrOCl2 • 2 RCO2H, are given in Table II . The v(O-H) appears as a strong broad band typical of hydrogen bonded O-H group of carboxylic acids. The *'(C =0) of the carboxylic group is observed in a lower spectral region than that assigned to pure monomeric and dimeric acids6. Further bands at ca. 1300 cm-1 (<50H-O) and 1200 cm-1 (vC-OH) due to carboxylic acid are also present7. There appear no bands in the regions associated with asymmetric and symmetric stretch ing vibrations of carboxylate group. This shows that these compounds are purely addition products and no substitution has taken place. However, the infrared spectrum of chloracetic acid complex shows the presence of some weak intensity bands characteristic of chloracetate groups (Table II) . This may be due to higher reactivity of chloracetic acid. Medium intensity bands in the region 800-950 cm-1 are assigned to zirconium-oxygen vibrations of bonds with order greater than one but less than two8. In the compounds ZrOCl2 • 2 RCO2H, medium to weak intensity bands appear between 850 to 930 cm-1 which are characteristic of zirconiumoxygen bridges containing multiple bond order, Zr--0. The bands at ca. 335-320 cm-1 have been assigned to v(Zr-Cl) by comparing the infrared spectra of these compounds with those of halogen free substituted products.
The proposal regarding the polymeric nature of these compounds is also supported by their insolu bility in common polar solvents viz., chloroform, dichloromethane, diethyl ether and THF. Unlike ZrOCl2 • 2 POCI3 1, which has been formulated as (ZrOCl • P0C13)+ (ZrOCl3 • P0C13)-, these com pounds are nonionic as has been evidenced by the molar conductance of their solutions at millimolar concentrations (Table I ).
The t.g. curves of some addition compounds are given in Fig. 1 . The compound ZrOCl2 • 2 CH3C02H starts losing weight above 40 °C. In the first two endothermic steps, up to 180 °C, weight corre sponding to two molecules of HC1 is lost to give ZrO(CH3C(>2)2. The acetate then loses first a molecule of carbon monoxide between 180-240 °C exothermally, then carbon dioxide endothermally in the 240-340 °C range and finally combustible organic matter, C2H 6, exothermally between 340-470 °C, to form Zr02. All the gaseous products, except combustible organic matter, were detected separately. On the other hand the compounds ZrOCla • 2 C3H 7COOH and ZrOCl2 • 2 C6H5COOH, decompose exothermally with the elimination of respective acid halide between 40-540 °C. The last endothermic step corresponds to loss of water to form Zr02. The volatile products have been de tected separately.
Substitution compounds
It is expected that these compounds may have bidentate or bridging carboxylate groups as zirco nium has a tendency to acquire higher coordination numbers of 6 to 8. The possibility of ionic formula tion has been ruled out on the basis of conductance measurements as their solutions are practically non conducting at millimolar concentrations (Table I) . Intense bands at ca. 1560 cm-1 and medium inten sity bands at ca. 1420 cm-1 are assigned to asym metric and symmetric stretching vibrations of carboxylate group (Table II) . /Jv(COO~) values of ca. 140 are comparable with those found in bridging transition metal carboxylates9. Also broad bands in the region 3500-3200 cm-1, v(OH), as well as bands at ca. 1670 cm-1, v(C=0), 1300 cm-1, <5(OH) and 1200 cm-1, v(C-OH) are present. These bands which are due to coordinated carboxylic acid disappear when it is replaced by organic nitrogen bases5.
Weak to medium intensity band due to v(Zr-O) has been observed at ca. 800 cm-1 and a band at ca. 480 cm-1 has been tentatively assigned to j'(Zr-0 2 C-).
The compound Zr0(CH3C02)2 • CH3C02H starts losing weight at 40 °C and a molecule of carbon monoxide is lost exothermally in 2 steps up to 140 °C. Carbon dioxide is then eliminated in an endothermic fashion between 140-190 °C followed by loss of combustible organic matter, C2H 6, in the range 190-250 °C. The compound then loses half a molecule of acetic anhydride in an exothermic process between 250-370 °C. Finally half a molecule of water is lost endothermally in the 370-440 °C range to form Z1O2.
The compound Zr0(C6HsC02)2 • 2 C6H5CO2H, decomposes in seven distinct steps (Fig. 1) . It starts losing carbon monoxide and water simultaneously between 80-110 °C. Weight equivalent to one molecule of benzoic anhydride is then lost in two identical exothermic steps in the 110-330 °C range.
